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YIMPABJIEHVE PECYPCOM
OBOPYAOBAHUNA ASC B YCJTIOBUAX
CTAPEHA METOOAMUN CUCTEMHOI'O
AHAJIU3A OAHHbBIX

0.M. T'yvauna, H.JI. Canbrukos, B.II. lonnriokos
06HUHCKUU uHCmumym amomHot sHep2emuxu HUAY MU®H, 2. 06HUHCK

Paszpaborana MaTreMaTruyeckas MOLENb IMHENHOTO CTOXAaCTUYECKOTO PUIbT-

pa ana obopynosanua A3C B YCNOBUAX CTAapeHUA C YYETOM PasHOPOAHOM
nrdopmaunmn 06 06bEKTE, B YaCTHOCTY, AnA TpybHoro myuka III' B ycnosuax
pacTymei KOppo3noHHOW Tpemunbl. 060CHOBAaHO MPUMEHEHUE TEOPUU
MapTUHTAJI0B [Jil TPOTHO3UPOBAHUA TEXHUYECKOTO COCTOAHUA 060PYLOBA-
Hus. ChHOpMyNUpPOBaH MPUHIUIT ONITUMAILHOCTY 7S BLIOOPA TOC/IE€A0BATE b
HOCTU IIPEBEHTUBHLIX [eNCTBUN, HAIIPABEHHLIX Ha CHUXEHUEe UHTEHCUBHO-
CTW IIPOLIECCOB CTapeHUs.

KnioueBble cnoBa: nporHo3MpoBaHue pecypca, GUAbTPALUA, anropuT™, NPUHLKN
ONTUMANbHOCTU, MAPTUHTaN.
Key words: lifetime prediction, filter, algorithm, optimum principle, martingale.

TennomexaHuyeckoe o6opygoBaHue AIC OTHOCUTCA K KNAcCCy BbICOKOHALEXHbIX
00bEKTOB, 0TKa3bl KOTOPOro HeJoMyCTUMbl BBUAY AOPOrOBU3HbI U TPYAHOCTEN, CBA3aH-
HbIX C JOCPOYHON 3aMEHOM, a TeXHMYECKOe COCTOAHMUE ONpeAensieT BO3MOXHOCTb Adsib-
Heliwen 3kcnnyatayun. B aTom cnyyae oueHKa TEXHUYECKOrO COCTOSAHUA U NPOTrHO3M-
pOBaHMe OCTATOYHOrO pecypca JO/KHbI OblTb OCHOBAHbI He Ha CTATUCTUKE OTKA30B,
Kak Anf BOCCTaHaBNMBaeMOro o60pyfoBaHMUsA, @ Ha UHbOPMALMK O npoLeccax cTape-
HUA B MeTanne o0beKTa, YCIOBUAX IKCNyaTALUM U AAHHbBIX 3KCMAyaTaLMOHHOIO KOH-
Tpona [1, 2]. B cuny HenonHOTHI MaTeMaTUYyeCKUX Mofenel NpoLeccoB Aerpagauuu,
bayKTyauuit napamMeTpoB 3KCNayaTaLunM U NOrPeLHOCTEN, CBA3AHHBIX C KOHTPOJIEM,
TOYHOCTb OLEHKM W NporHo3a GyAeT OCNOBAMBATLCA KAaYeCTBOM BOCCTAHOBEHUSA 3Ha-
YeHWIn npolecca CTapeHUs W3 HEeAOCTAaTOYHO OMpefeNeHHbIX AaHHbIX. [na peweHus
3a,a4M MHAMBMAYANbHOTO MPOrHO3MPOBAHWUA pecypca npepsiaraeTca MCNoAb30BaTh
NNHENHBI cToXacTuyeckuin dunbtp [3, 4], CNOCOGHbLIA YYNTLIBATL HE TONBKO M3MEHe-
HUEe YCNOBWIA 3KCMyaTaluuu, HO U NMPOBOLUMbIE MEPONPUATUA HA 0ObEKTE, HanpaB/eH-
Hble Ha CHUXEHWe WHTEHCMBHOCTM npolecca Aerpajauuu. YnpaBneHue pecypcom B
3TOM C/lyyae 3aK/YaeTcs B ONTMMaNbHOM BbIOOPE MPEBEHTUBHbIX MEP U MOMEHTA UX
NPUMEHEHUS.

B obwem cnyyae MHTEHCUBHOCTL NpoLecca CTapeHUs MOXKET ObiTb BblpaXKeHa ypas-
HeHuem [3, 5]
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@, (O):O' O (tB):wB' (2)
rne mg — NpeaenbHoe 3HayeHue npouecca ctapeHus. Bektop-napametp U, unu Bektop
ynpasneHus, 06beMHACT BCe NapaMeTpbl, onpeaensiolie NpoLecc cTapeHus, a 061acTs,
B KOTOPOW OHW MOTYT MEHATLCS, 0603Haunm yepes W. Myctb A; — MHTEpBaN BpeMeHu

n
Mexay HabnofeHusmMu, Toraa Bpems HabnogeHus t,,=2Ai. Ecnu unTepBansl mexay
i=1
HabNOAEHNAMN OfMHAKOBLIE, TO t,=nA. Pa3HOCTHOe ypaBHEHUe, COOTBETCTBYlOLEE
AnddepeHunanbHoMy ypaBHeHuio (1), ¢ BeKTopom ynpasneHus U TOraa MOXHO npea-
CTaBuUTb B BUje

mn+1 = O)n (1+Anf1 (U))+Anf:?(U)'
B pabote [3] npegnaraemas mofenb HabnoaeHUid NpeacTaBieHa B BUAe cheaytolile-

ro peKyppeHTHOro Cy4aitHoro npouecca 1, :{w(An,x)}:

T'|n+1 =An(U)nn+Bn(U)+Fn(U)Nn’ (3)
Vn=&_,n+Gn(U)Nnr (4)
§H=CH(U) nnr (5)

roe Mo — rayccoBCKas BEWYMHA; N — HOMep MOMeHTa HabntofeHus, unu Homep [MP;
Ny, — 6enbiit wym; matpuupsl An(U), By(U), Fn(U), G5(U) onucanel B [3], npudem B,(U) -
AETEPMUHUPOBAHHAS; BEKTOP V, B COOTBETCTBUM C YCNOBUAMM IKCNAyaTauum — Habnwo-
feHue (pe3ynbTaT KoHTpons); (M, &,) B cuny ycnoBuii 3KkcnayaTayum naporeHeparo-
pa ABNAETCA YAaCTUYHO HAbMOAAEMON raycCoBCKOW nocnepoBaTenbHOCTbiO. K cucteme
(3)-(5) npumeHum opHowarosblit npeankTop KanmaHa-banakpuwHaa [4]. 0603Ha-

YMM OLEHKY COCTOAHUA KaK X ., =M[nn+1 /vn,...,vl], n>1 (NpepcKkasaHune Ha OAuH Wwar
BNepeA No AaHHbIM BCEX NPefblayILuX U3MepeHut Vp,..., Vi), rae M[*/*] — ycnosHoe

MaTeMaTUyecKoe OXWAaHWe, X, — rayccoBcKas BennunHa, M[*] — maTematnyeckoe oxu-
AaHuve. OgHowaroBblin NpeaukTop OyaeT MMeTb BUf

)_(n = An—l (I_Kn—l : Cn—l ))_(n—l +Bn—l +An—1 'Kn—lvn—l’ (6)
x,=x,+K,(v,—-CXx.) X, =Mn,l, (7)
_ . -1
rae matpuusl K, =P,C, (G,G,) P :[1+Hn71C;(GnG;) 1Cn] H _.;

H  =A P A +F_F P =M[(x0—)?0)(x0—5(0)*}; I - eauHnyHas matpuua, a

matpuua K, HasbiBaeTcs KOIPPULNEHTOM yCUNEHUA U ABNSETCA pelleHneM ypaBHEHMUA
Bunepa-Xonda.

Mpupoaa npoLecca CTapeHns MOXET ObiTb pa3jMYHOI B 3aBUCUMOCTM OT paccMmart-
puBaemMoro 060pyfoBaHUA W YCNOBUI ero 3Kkcnayatauuu. NMpumepom moxet ObITb Ta-
KO CnoxHblit 06bekT, kak naporenepatop (MI). OgHuM K3 KputTepues 6e30TKa3HOI
pabotbl M fABNAeTCA LENOCTHOCTb TPYOHOrO My4yKa, KOTOPbIA ABNAETCA HE3aMeHAEeMbIM
anemeHToMm M 1 coctouT U3 6oNbIWOro Konnyectsa TennoobmeHHbix Tpy6ok (TOT).

B pabotax [3, 5] ans peweHns 3afayn NporHO3MpoBaHMA pecypca TenN00OMEHHbIX
Tpy6oK naporeHepatopa (TOT MI) pa3paboTaH anropuTM NUHERHOR CTOXaCTUYECKOI
tunbTpaLum u copmMynMpoBaH NpUHLMN ONTUMANbHOrO ynpasneHus pecypcom [rI.

Pa3paboTaHHbIl METOA NPUMEHUM K NPOLECCY POCTa KOPPO3UOHHOW TpelUHbl B
MaTepuane TennoobMeHHbIx Tpy6ok Ml B cooTBeTCTBMM C ypaBHeHueM [3apuca

ocky, )
dt
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roe [ — rny6buHa TpewmHel B M; Kr — k03thduumneHT nHTeHcMBHOCTU Hanpsikenuit (KUH),
MNa-m%2; t — Bpems; C, m — KOHCTAHTLI MaTepuana; Ans NOBEPXHOCTHON MONY3IANUN-

TUYECKOW TpewwmHbl rnybuHoit [ K, =c-+/Tt-l ; 6 — MexaHuyeckoe HanpsxeHue, MMa.
Mocne noactaHoBku K B opmyny (8) nonyyum

A com % (9)
dt

CnepyeT OTMETUTb, YTO NpefesibHbIM COCTOSHUEM TPYOHOrO ny4yka ABAAETCA KONU-
4eCTBO 3arNyWeHHbIX TPYOOK X, NpUYEM Kaxpaas TpyOKa raywWwuTcs Npu JOCTUKEHUM
rNyOUHOI TpewmHbl YPOBHA d% OT TONWMHBI CTEHKM («HEXBATKa meTanna» d%).

Bo Bpems npoBepeHus nnaHoso-npodunaktuyeckux pabot (MMP) BuxpeTokoBbiM
MeTO[OM M3MepsAeTCs BeNMYMHA HeXBATKW MaTepuana (rnybMHa MoBepxXHOCTHOI Tpe-

WWHbBI) BbIOpPaHHON TPYOKK, T.e. 3NeMeHTbI FrayCCOBCKOr0O BeKTOpa 1, ={zm(An,x)}, roe
m — KONWYECTBO paccMaTpUBAEMbIX TPYOOK.
JTOT M3MEPUTENIbHBIA NPOLECC MOXHO NPeAcTaBuTb Kak
&n :Cn 'nn° (10)
Matpuua C, — gMaroHanbHasa mxm U UMeeT Ha AMATOHANM 3NEMEHTH C;i = 1, ecau
Tpy6Ka nof HomepoMm i paboyas W MofBeprnach NJIaHOBOMY OCMOTPY C pe3y/bTaToM
nsmepenus vi(x); ¢;= 1, ecnu Tpybka paboyas u He nopsepranacb NNaHoOBOMY OCMOT-
py, T.e. pe3ynbTar Homb, U Cjj= 0, ecnn TpybKa 3arnyweHa. B ganHoi mopenn Gypem
npeanonaratb, YTO 3aMepbl NOJMHbIE, T.€. KOHTPOJAUPYIOTCA BCE TPYOKMU.
Habniopaemblit raycCOBCKUN BEKTOP V, (T.€. BEKTOP, MOJYYEHHbI NPU U3MepEHUN
HexBaTku MeTanna B n-i MMNP) npepcraBum B BUge
Vn = én +GnNn ’
roe G,N, — wymbl n3MepuTENbLHOrO NpoLecca.
B pe3ynbTate Habnofaemblil TMHENHbIA NpoLecC Aerpagauun Kaxapoi us m Tpybok
TpyOHOro ny4yka 3anuilem B BUAe

Vn zén +GnNn’ (11)
én :Cn'nn’ (12)
nn+l :nn+Bn+Fn.Nn’ (13)

rae n — Homep MMNP; B, — BekTop-cTONGey, co 3HavyeHuamn A, -C-c” -n% ~K,,% , ecnu
TpyOKa pabouyas, u 0, ecnu TpyOKa 3arnylweHa: Kaxablit cTonbew, COAEPKUT UH(OpPMa-
UMK O COCTOSHUM m TpyboK no pesynbtatam n-ro MMP.

Benuuuna F,-N, npepctaBnsiet coboit wym naporeHepatopa mexay n u (n+1) MNP,
T.e. peakuua Ha cayvaiiHble AyKTyauuyM napameTpoB 3KCNyaTaLum (KayectBo BOfbI,
COAiepXKaHWe aKTMBATOPOB U T.A.), U MOAENUPYeTCA Kak rayccoBckui npouecc: N, —
Genbiil WyM C HyNEeBbIM CPEAHUM U €AWHUYHOW KOBapualuein — BEKTOP ANUHON 2m.
bnoyHas matpuua F, nopbupaetca TaK, YToObl BeKTOp F,-N, UMeN HyXHylo KoBapuaLm-
OHHYIO MaTpuLy.

Bektop G,-N,, — raycCoOBCKMI NpoOLECC, ONUCHIBAIOLMUIA U3MEPUTENbHBIN MPOLECC Npu
NJIAHOBOM OCMOTpE MU peMoHTe. [Ina nocTpoeHus matpul £ u G ucnonb3yeTca cooT-
BeTCTBYyiOWAA BCNoMorateNibHas Matpuua R, KOTopas ABNAETCA KOPPensauMoHHo (T.e.
YYUTbIBAET BAUAHWNE NMOBPEXEHHbBIX TPYOOK Ha COCELHWE) U UMeeT, Hanpumep, BUE

16 .0

181 o0
R=10 5 .. &5/,
0 0 1
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roe & — HEeKOTOpbIN KOPPENALMOHHbBIA NOKa3aTesb, BENNYMHA KOTOPOro OTpaXKaeT CTe-
NeHb B3aMMHOTO BAWUAHMA (B AAHHOM Clyyae Ans COCefHUX Tpybok). bonee cnoxHbii
BUA MMEET MaTpuua R, B KOTOPOW y4UTHIBAKOTCA KOoppensuuu Gonee yaaneHHbIX Tpy-
6OK.

Matpuupl F, n G, aBnsTCA 610YHbIMU. TPK 3TOM BbINONHAITCA HEOOXOANUMbIE YC-
nosus F,-G," = 0 (370 PaBEHCTBO rOBOPUT O HE3ABUCUMOCTM CUTHANA, T.€. CTEMNEHM
Aerpajauuu matepuana TpyoboK, v WymMa AaTYMKOB B npouecce umepenuit B n-om MNP,
G,” — TpaHcnoHupoBaHHas matpuua) u detG,G,*#0 (370 HepaBeHCTBO roBOPUT 06
OYEBMAHOMN 3aBUCUMOCTM Aerpajauuu matepuana oT YCNOBMIA IKCRayaTaumu).

[lns BHOBb MOCTPOEHHOro NpeAuKTopa hopMy/ibl pacyeTa OyayT CyLECTBEHHO NpoLlye:

)_(n = (E _Kn—l 'Cn—l ))_(n—l +Bn—1 +Kn—1vn—l’ (14)
x,=x +K (v,-CX,), X,=Mmn,l (15)

-1

- * * -1 *
rﬂe ManVIU,bl Kn = Pnc; (GHG;) l ’ Pn = |:E+Hn—lcn (GnGn) Cn:l Hn—l; Hn—l = Pn—l +Fn—1Fn—1;

R :M[(Xo _)?0)(Xo _)?0) J
31 dhopMynbl NPUMEHUMbI KaK K OTAeNbHOi TennoobMeHHoI TpybKe, Tak U K Tpyo-

HOMY MyyKy pa3mepa m.
Mpouecc aerpagauum Heobpatum. bonee TOro, MOXHO MOKa3aTb, YTO OH ABAAETCSA

cybmapTtuHranom. lMokaxem, 4To X,,, — NoCNefoBaTeNbHOCTb Nocne hunbTpa — cyb-
MapTUHran.
Mokaxem 370 Ha ¢unbTpe obuwero Buaa (6)—(7). Mo onpegenenuto [6]

x, =M, |Sn), rae Sn :c(m;vl,vz,,,,,v”) — 0-anrebpa, NopoXaeHHas BeNUYUHAMY
(V1, Vo, .., Vp), NPUYEM CNpPaBeAaMBA LLenoyKa BNOXKEHU 31 QSZ c... (;Sn, Torgaa
M(M()?nﬂ |Sn )|Sn ) = M(*ml |Sn ) = M(nn+l |Sn ) = M(Annn +Bn +FnNn |Sn)

Mockonbky maTpuubl A, B, — AeTepMUHUPOBaHHbIE, @ N, — Genblii Wwym, To
AMm,|3,)+B, =20 (P - n.H.).

YuuTbiBas, 4to B, > 0 1 Kaxablil 3neMeHT maTpuubl A, 6onblue 1nbo paBeH Hynwo (noc-
ne n-ro MMP), o M(%,,,|3,)2AMMN,|S,).

Ecau yyectb TOT (bakT, yto nocne nposefeHHoro MNP matpuua A, — oMaroHanbHas,

rope Ha AnaroHanu CToAT BEJINYUHBI, 6onbline €AVHNLbI Ha NPOBEPEHHbIX pr6|<ax, a
OCTaJibHbl€ 3JIEMEHTLI ANaroHann — eguHULbI Ha He3arnylweHHbIX pr6KaX (Ha 3arny-

WeHHBIX — HyiK), To cnpaseanuBo HepaseHctso M(X,, |3,)=X, (P - n.H.), T.e. co-

rnacHo [6], nocnenoBartenbHOCTb X,,, — CybMapTuHran.
JTO yTBEPXKAEHME NO3BONAET NPUMEHUTb TEOPUIO MAPTUHIANOB ANA MPOrHO3UPO-
BaHWA KOJWYECTBA 3arfylWeHHbIX Tpy6oK. Tak Kak NocnefoBaTeNbHOCTb X,k (K — KOM-

NOHeHTa BeKTOpa X,) ob6pa3yeT HeoTpuuaTeNbHbIi cybMapTuHran, 0603Hauynm Yepes
B, cnyyaitHylo BEMUYWHY YMCA NepeceyeHmnii YpoBHA dy CHU3Y BBEPX CNYYaiiHOI Benu-

YWHO X, .. MpumeHsas HepaseHcTBO [l. [ly6a [6], nonyunm
M(X,)

rne x,, = )_(n,k +Kn,k (Vn,k _Cn,k)_(n,k)’
B 3TOM HepaBeHCTBE YPOBHM dy MOXHO BbIOMPATb PasHbIMU, YTOObI MONYYUTL Npea-
CTaBNeHMe 0 KonuyecTBe TpyOOK C pasnuyHoi HexsaTkoil meTanna (puc.1). 3agava
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MOXET ObITb peleHa U Ans OAHOr0 NpefefbHOro 3HaYeHUs d, ABNAIOWErocs KpUTepu-
eM TyweHns TpyoboK.

Haipgs TpyOKM, AOCTUTWME NPeAenbHOrO YPOBHA d, Mbl TEM CaMbiM ONpeAensem
onTumanbHel nnax rywenus TOT (B cuny npeguktopa KanmaHa-banakpuiwHaxa) B cne-
aytownia MMP.

di

~>

2.(d2) £,(d)

dz

di

t ts t3 Bpems, r.

Puc. 1. Konnuectso Tpybok ¢ pasnuuHoit HexsaTkoi metanna: t, , =M(t,, |3,) — oxupaemoe Bpems
nepeceyeHus yposHs nocne n-ro MNP Tpy6koit ¢ Homepom k

Ha pucyHKe nomeyeHbl OXMAaemble BpeMeHa nepeceyeHus ypoBHA dp TpybKamu ¢
Homepamu k, [, s.

3ameyaHue. B cuny ycnosuin nposepeHus MNP BekTop

Vﬂ zgn +GI7NI'I

onpefieneH He ans Bcex TpyboK (3TO OTHOCUTCA K 3ajjaye YNpaBneHUs MapTUHranamu ¢
HENoAHbIMU AaHHbIMK). B paHHoOI Moaenu, chopMynMpoBaHHON AN NONHBIX AAHHBIX,
AN MONYYEHUA NMONHOrO BEKTOpPA He0OXO[MMO 3aMONHUTL NPONYyLEHHbIE U3MEPeHUs,
Hanpumep, NMHeNHOW MHTepnonsauuei. Matpuua C, B 3aBUCUMOCTW OT BbIOpPaHHOI
mofenu unbTpa MoxeT ObITb Pa3NNyHON U HeobA3aTeNbHO AWAroHanbHOM.

CdhopmynupoBaHHblit B paboTe [3] npuHLMA ONTUMANbHOCTU MO3BONAET NyTEM Ba-
PUALMOHHbIX PacyeToB ONpefenuTb HeoOXo[uMMble NMPEBEHTUBHbIE MEPONPUATUA U
MOMEHTbI UX MPUMEHEeHUs.

MOAE/Ib ONTUMU3ALIUU YNIPABJIEHUA PECYPCOM

Mpu HabnopeHnn 3a Tpy6HbIM nyykom I 0603HaUMM Yepes tp.14(d) k-to TpaekTo-
puio (TpaeKTopuio CTapeHMs k-0l TpyOKM), LOCTUTIWYIO YPOBHA Aerpagauuun d B mo-
MeHT BpemeHun (n+1). Tak Kak nocnepoBatensHocTs h, MoHOTOHHA (P — n.H.) u rayc-
COBCKas, TO NOCNeLOBATENbHOCTb tn4q4(d), NONyYeHHas B pe3ynbTaTe pelleHUs 3ajayu
(3)-(5), B cuny NUHERHOCTN M NONOXMTENBHOCTU 06PAaTHOro onepatopa K cucrteme
(1)-(2) Takxe MOHOTOHHA M rayccoBckas: tyx(d) < tps1k(d) (P — n.H.). PaccmoTpum
tbyHKLUMOHaN

T(U)= M(t,(d, x), t,"(d, X)),
rae M(t,, t,") — maTemaTMyecKoe 0XuAaHWe OT CKANAPHOro MPOU3BEAEHUS, @ CyMMa B
CKanspHoM npou3BefeHnn bepetcs no TpybKam, AOCTUrILMM YPOBHA Aerpajauuu d.
Onpepenum ynpasnenue U,° pecypcom naporeHepatopa Kak ONTUMasbHOE, eciu

T(U;)=sup T(U),

E(U)<E, Uell. (16)

lim
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3/ecb BTOpoe ycnoBue HeobXoamMMo, T.K. JOMKHbI ObiTb Y4YTEHbI 3aTpaThl, Tpebyto-
Wuecs npu n06OM BO3AENCTBUM Ha napameTpbl. Kaxpas M3 mep B onpefeneHHoi cre-
NeHN CHUKAeT MHTEHCMBHOCTb NpoLecca CTapeHWs, YTo yBeNWYMBaeT BpPeMs 0 BbIXO-
Aa HabniofaemMoro npouecca 3a JONYCTUMbIE Npefenbl U TeM CaMbiM NPUBOAUT K yBe-
NINYEHNIO pecypca YCTaHOBKW B LENOM.

CMbICN NpepioXXeHHOTo OMpeAeneHns 3akNio4YaeTcs B CleaylollemM: Cpefu BCex BO3-
AENCTBMIA HA pecypc naporeHepartopa (KOHLUEHTPaLuUn XNOpUA-UOHA, KNCIOPOJaA, CPea-
Hell yaeNnbHON 3arpsA3HEHHOCTM, TUNA aMWHA U APYrMX NapamMeTpoB) HEOOXOAUMO Hal-
TW TaKoe, KOTOPOe MAaKCMMaNnbHO yBENUYWUBAET BPeMs [0 NepeceyeHns TPaeKTopuAMU
YPOBHSA ferpagauun d npu ycnoBuu, YTo 3KOHOMUYECKME 3aTpaTbl He MPeBbIWAT He-
KOTOPOM NpefeNbHOM BENUYUHDI.

MpepnoxeHHas Mofenb HabnoaeHuit n ynpasnenns (11)—(13) u (16) npeagHasHa-
YeHa [/1fl TOTrO, YTOObI YMEHbIWNTL YACNO 3arnylweHHbIX Tpy6ok mexay MNP u Tem ca-
MbIM YBEIMYUTb PECYPC YCTAHOBKMU.
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VAK 621.039.5: 621.362
Indirect Method of Determining the Efficiency of a Thermionic Reactor for Space\A.L Brezhnev, E.G. Vinogradov,
V.A. Linnik, M.K. Ovcharenko, A.P. Pyshko, Yu.S. Yuryev, V.I. Yarygin; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) —
Obninsk, 2012. - 9 pages, 1 illustration. — References, 4 titles.

The method of determining the efficiency of the space nuclear thermionic power plant by the set
of current-voltage characteristics without the direct measurement of the reactor thermal power, yet
with fixing the relative thermal power for various current-voltage characteristics is described.

VK 621.039.51

On ADS Subcritical Reactor Operation in the Reactivity Modulation Mode\A.V. Gulevich, O.F. Kukharchuk,
A.L Brezhnev; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energeticax»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 7 pages, 2 tables, 9 illustrations.
— References, 18 titles.

In the present paper consideration is given to the possibility of applying a pulsed reactor as a
neutron-breeding target for accelerator-driven systems. It is assumed that such a reactor operates in
the reactivity modulation mode similar to that of the IBR-2 reactor. In theory, it enables energy
requirements for the accelerator beam to be reduced, while at the same time enhancing the safety of
installations of this type.

VK 621.039.51
Analysis of the BOR-60 Cells Utilization to Carry out Experiments\LYu. Zhemkov, Yu.V. Naboishchikov; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher
Schools. Nuclear Power Engineering) — Obninsk, 2012. — 10 pages, 12 illustrations. — References, 6 titles.

The efficiency of BOR-60 core cells and blanket utilization to carry out experiments was analyzed
for the 40-year operating period. Reactor cells that are used the most often to carry out experiments
as well as the parameters influencing their attractiveness were identified.

VK 621.039.543.6
Methodology of Conversion of Plutonium of Various Isotopic Compositions to the Equivalent Plutonium as Applied
to System Studies in Nuclear Power\E.M. Yatsenko, A.N. Chebeskov, V.S. Kagramanyan, A.G. Kalashnikov; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher
Schools. Nuclear Power Engineering) — Obninsk, 2012. - 11 pages, 3 tables, 3 illustrations. — References, 10 titles.
In this work the simplified methodology of correction of the initial enrichment, based on plutonium
equivalent of uranium, plutonium, americium, neptunium, curium isotopes on loading is offered. The
developed methodology, possessing comprehensible accuracy, allows not only to correct enrichment,
but also to lower uncertainty degree at carrying out of system researches of atomic engineering
taking into account dynamics of change of fuel isotopic composition at its multiple recycle in fast
reactors.

VK 621.039.51

Software Analysis of in-core monitoring system and reporting on the state of the reactor core of VVER-1000
KARUND\R.R. Alyev, S.T. Leskin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 9 pages, 1 table,
5 illustrations. — References, 13 titles.

On the basis of algorithms [2], [3] developed a software system KARUND whose function is to
monitor the state of the measuring system of RMC, software in-core monitoring system, core VVER-
1000 reactor, and visual representation in the form of information to the operator. Completed
description of the main modes of operation of the program and. Partially, describes the interface
software system KARUND and some results.

VK 621.039.58

Lifetime NPP Equipment Management Under Ageing by System Analysis Procedures\0.M. Gulina, N.L. Salnikov,
V.P. Politukov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 6 pages, 1 illustration. — References, 6 titles.
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Mathematical model of linear stochastic filter is developed for NPP equipment under ageing.
Theory of martingales usage is substantiated to predict the technical state of equipment. Also there
is formulated optimum principle for choice of preventive actions to decrease damage processes rate.

YAK 621.039.58

Prediction of NPP Equipment Lifetime under Flow-Accelerated Corrosion by Using of Empirical Model\0.M. Gulina,
0.0. Frolova; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energeticax»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 9 pages, 3 tables. — References,
8 titles.

To predict equipment lifetime under flow-accelerated corrosion there is used Chexal-Horowitz
empirical model, realized as ECW-02. One of the most important parameters is Keller coefficient of pipe
geometry. To adapt Chexal model to Russian NPP units there is developed procedure of Keller coefficient
estimation by using of control data and ECW-02 prediction. As result, stochastic characteristics of
Keller coefficients are obtained. To estimate the error connected with admixture content in metal on
erosion-corrosion wear rate there is performed comparison of wear rate calculated by using of Durex
equation and the one predicted by ECW-02.

VK 621.039.58

Efficiency Criteria for High Reliability Measured Systems Structures\N.L. Salnikov; Editorial board of journal
«lzvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear
Power Engineering) — Obninsk, 2012. — 5 pages, 2 illustrations. — References, 3 titles.

To develop high reliability measured systems usually there are used procedures of structural
redundancy. To estimate efficiency of such structures there is developed criteria to compare
different systems. So it is possible to develop more exact system by inspection of redundant
system data unit stochastic characteristics in according with developed criteria.

VIK 504.064.36: 574

Application of the Method of Electrophysical Impact on the Disperse Medium in High-Performance Filtering Gases
Devices from Aerosols of Various Origin\L.V. Yagodkin, A.M. Posagennikov, A.G Grishin, V.P. Melnikov; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher
Schools. Nuclear Power Engineering) — Obninsk, 2012. - 9 pages, 6 illustrations. — References, 3 titles.

Cleaning of gas-air flows in different branches of industry remains one of the most important
directions in the field of technologies of environmental protection from aerosols of the different
origin, including radioactive and toxic ones.

High-efficient aerosol filters being used today at NPP are the source of large volumes of radioactive
waste subject to burial. They have a limited lifetime, and their fabrication and operation are costly.

The situation arisen with gas cleaning from radioactive and toxic aerosol particles at NPP requires,
on the one hand, updating of traditional approaches and, on the other hand, development of
fundamentally new methods and aids of air cleaning, namely, the principle of combined cleaning
based on the fact that particles take up specific properties in ionized gas and then are to be caught
on filters.

The problems of experimental investigation of the effect of intensive aeronization on catching of
aerosol particles from the air flow using combined filtering systems is the subject of this paper.

V1K 621.039.534

Experimental Study of Flow Hydrodynamics Lead Coolant and Water through the Experimental Section «Throttle
Clearance-Ring» \A.V. Beznosov, M.A. Antonenkov, T.A. Bokova, M.V. Yarmonov, K.A. Makhov, A.A. Molodtsov;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 11 pages, 1 table, 7 illustrations. — References,
2 titles.

A research and comparison of the hydraulic characteristics of the water and lead coolant (T =
400-500°C) flow in the system of local hydraulic resistances «throttle-annular gap» have been done
at the Alekseev Nizhny Novgorod State Technical University. During the experiments the magnitude
of the relative clearance (2[1/d =0,018; 0,036; 0,056) was varied with the static and rotated shaft.
The average speed inside the annular gap ranged between 0,01 and 0,1 m/sec, the coolant was
saturated with the oxygen.
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